In plant species where the primary photosynthetic carboxylation reaction involves the formation of P-glycerate catalyzed by ribulose bisP carboxylase, glycolate is synthesized in the light at rates which are approximately equal, on a molar basis, to the net rates of photosynthetic CO2 fixation (7, 14, 16 (8, 12) and the intracellular concentration of certain key metabolites including aspartate, glutamate, and glyoxylate (6, 7, 9, 10) .
Glycolate is usually assumed to be metabolized by the pathway outlined by Tolbert (13) . In this reaction sequence ( Fig. 1) , glycolate is oxidized by the enzyme glycolate oxidase to glyoxylate.
This reaction in leaves is coupled to the reduction of 02 to H202. Glyoxylate is converted to glycine by either a glutamate-or serinedependent glyoxylate transammase. In the mitochondria several reactions combine to convert 2 mol of glycine to 1 mol each of serine, C02, and NH3 (1, 5 resulting NADH is oxidized in mitochondrial preparations by the oxidative electron transport chain with the concurrent synthesis of 3 mol of ATP for each atom of oxygen taken up (1, 5) . The serine thus formed is deaminated to hydroxypyruvate which is in turn converted to P-glycerate and then glycerate.
In addition to being transaminated to glycine, glyoxylate may be further oxidized directly. H202 produced either from the glycolate oxidase reaction (2, 3, 15) or in the light by a Mehler reaction within the chloroplast (17) can be the oxidant (Fig. 1 ).
Such a reaction may or may not be enzymic. The carboxyl carbon from glyoxylate is released as CO2. The C, fiagment from the acarbon forms formic acid from the reaction with H202. Grodzinski (3) has suggested that this C1 unit may supply a substrate for the hydroxymethyltransferase and react with glycine to form serine.
The a-carbon could also be oxidized completely to CO2 and contribute to the photorespiratory CO2 loss.
This (Fig. 2) . INH inhibited the rate of CO2 release from glycine by over 90%, and that from glycolate by less than 50% (Fig. 2) . The differences in sensitivity of these two reactions to (Table I) . This is consistent with the scheme in Figure 1 . the NADH formed in the mitochondria from the glycine to serine reaction (1, 5) was oxidized back to NAD by the electron transport chain. This contention was further supported by the observation that DNP, an uncoupler of oxidative phosphorylation, stimulated the rate of CO2 release from both glycine and glycolate (Fig. 5) . With the uncoupler increasing the rate of electron transport, NADH oxidation would increase thereby supplying more substrate (NAD) for the glycine decarboxylation reaction. (12) that rates of glycolate synthesis are about twice the rates of glycine synthesis in soybean cells. All of these studies involved the use of inhibitors and therefore some perturbations were to be expected in the normal steady-state pool sizes of some intermediates in the glycolate pathway, notably glycine (Table I) . Such changes in substrate availability may alter the relative rates of CO2 release by the two sites. Exact quantification of the rates of CO2 release by the two sites must await further experiments that avoid the complications that result from using metabolic inhibitors.
CONCLUSIONS
The stoichiometry of CO2 release from glyoxylate and glycine is expected to be different. Glyoxylate oxidation should yield 1 mol of CO2 (from the carboxyl carbon) and 1 mol ofa C1 fragment from the methylene carbon per mol of glycolate metabolized. Grodzinski (3) suggested that this C1 fragment may react with glycine to form serine or may be further oxidized to CO2. Depending on which reaction predominated, 50 to 100%1o of the carbon in glycolate metabolized by this pathway would be released as CO2. The stoichiometry of the glycine to serine plus CO2 reaction releases as CO2 25% of the carbon from glycolate that transverses this step. The relative contributions of the two pathways of CO2 release would control the percentage of the carbon in glycolate released as CO2.
CO2 released from the conversion of glycine to serine was probably tightly regulated by the amount of NAD in the mitochondria. When NADH oxidation, and presumably NAD availability, was decreased by KCN treatment, CO2 release from glycine and glycolate was lessened (Fig. 3) . Conversely, when NADH oxidation was increased by the uncoupler DNP, CO2 release from both glycine and glycolate was stimulated.
Since there is a requirement within the mitochondria for NAD for both glycine decarboxylation and dark respiration (the Krebs tricarboxylic acid cycle), it is interesting to consider the possible interaction of these two pathways. The rate of CO2 release by photorespiration is approximately three to five times the rate of CO2 release by dark respiration in C3 plants (16). The rate of oxidative phosphorylation and electron transport limit the availability of NAD within the mitochondria, as indicated by the ability of DNP to stimulate glycine decarboxylation in the dark (Fig. 5) . If the amount of respiration (photorespiration and dark combined) in the light is much greater than the amount in the dark, then glycine decarboxylation and dark respiration must be in competition for sharply limiting supplies of NAD in the light.
Assuming that NADH oxidation and oxidative phosphorylation are tightly and invariably coupled and that no other major mechanisms of NADH oxidation exist in the mitochondria in the light, then the rates of glycine oxidation and dark respiration must be co-regulated through NAD. Rapid flux ofmetabolites through the tricarboxylic acid cycle should lessen glycine decarboxylation. If dark respiration proceeds at the same time as rapid rates of photorespiratory CO2 loss, than a substantial portion of the CO2 must be released by the direct oxidation of glyoxylate. Glycolate metabolized by this reaction releases two to four times as much carbon as CO2 as does the decarboxylation of glycine. Thus, dark respiration may indirectly control photorespiration, not by regulating glycolate synthesis but rather by altering the efficiency of glycolate decarboxylation.
